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Introduction
For XR-specific capacity enhancements, there are two focusing areas in RAN1 including multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration and dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE, as given in [1].
In RAN1#112 [2], it was clarified that "multi-PUSCHs CG" refers to " a CG PUSCH configuration with multiple CG PUSCH transmission occasions within a period of the CG PUSCH configuration". Both Type-1 CG and Type-2 CG can be configured for multi-PUSCHs CG. 
In this contribution, we present our views on the remaining issues including time domain and frequency domain resources allocations for multi-PUSCHs CG, and the CG-UCI content and reporting for unused CG TOs.

Time domain and frequency domain resource allocation 
For determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG, many alternatives were studied as shown in the agreement below.
Agreement
For determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG, the following alternatives for further study:
· Alt-A: TDRA determination based on repetition framework. 
· Alt-A1: Follow the time domain resource mapping of Type A repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
· The same SLIV in N PUSCH in consecutive slots per CG period
· FFS for non-consecutive slots
· FFS details, including related RRC parameters
· Alt-A2: Follow the time domain resource mapping of Type B repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
·  The SLIV used for 1st PUSCH per CG period.
· N consecutive nominal PUSCHs with same duration per CG period
· Note: N is not necessarily the repetition factor.
FFS details, including related RRC parameters
· Alt-B: TDRA determination based on NR-U framework
· N and M configured by higher layers
· Single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· M consecutive PUSCH TOs with same duration in slot. The M PUSCH TOs are used in N consecutive slots per CG period
· Note: N and M are configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. M and N configuration is independent from cgRetransmissionTimer configuration.
· FFS details, including related RRC parameters
· Alt-C: TDRA determination based on single DCI scheduling multiple PUSCHs
· Alt-C1: Follow Rel-16 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with k2-r16
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs should be consecutive PUSCH TOs in consecutive slots.
· FFS details, including related RRC parameters
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with extendedK2-r17
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs can be non-consecutive PUSCHs and/or in non-consecutive slots.
· FFS details, including related RRC parameters

Among the alternatives, Alt-A1 can only support one PUSCH in a slot, and Alt-A2 with N consecutive PUSCH transmissions may not suitable for the XR-specific traffic. Similar issue exists for Alt-B with M consecutive PUSCH TOs in N slots. Comparatively, Alt-C provides better flexibility for XR-specific applications. Among two options in Alt-C, Alt-C2 is preferred since it can better adjusted to the XR traffic with non-consecutive PUSCHs and slots.
Proposal 1: TDRA determination based on single DCI scheduling multiple PUSCHs in Rel-17 to allow non-consecutive PUSCHs and/or in non-consecutive slots.

Based on the agreement below from RAN1 #112, the frequency domain resource allocation and MCS are left for further study. 
Agreement
For the PUSCHs parameters in a multi-PUSCHs CG configuration, the configuration/indication parameters except MCS and FDRA of CG PUSCHs in a multi-PUSCHs CG configuration are the same
· FFS: For MCS and FDRA, study further to decide whether/how to be different.
· FFS: Applicability to type-1 and type-2
· Note: TDRA and HP ID are not in this scope of the above statement.
The main focus of FDRA determination is whether different MCS and FDRA can be applied in different CG PUSCH transmissions. XR traffics have high data rate and strict delay/jitter requirements. The adjustment can be performed by a combination of TDRA and FDRA. 
Flexible TDRA is already supported with multi-PUSCHs CG and indication of unused PUSCH TOs. The TDRA adjustment controls mainly the delay and jitter requirements. Multi-PUSCHs transmission in time domain also control the throughput by the number of PUSCHs in a burst. It may be unnecessary to introduce extra complexity and control on the MCS and FDRA. Therefore, the same PUSCH parameters can be applied in a multi-PUSCHs CG. 
Proposal 2: The configuration/indication parameters of CG PUSCHs in a multi-PUSCHs CG configuration are the same.

However, the TDRA and TO on/off may not be enough for dynamic XR applications with very different data rates. Additional mechanisms for MCS and FDRA reconfiguration and adjustment may be beneficial. Fully flexible and dynamic FDRA indication for each PUSCH TO is not necessary. The same parameters should be applied for all CG PUSCHs after the adjustments. Therefore, we propose
Proposal 3: Additional mechanisms for MCS and FDRA adjustments can be considered.
HARQ-ACK process ID determination for PUSCH
In RAN1 #112, it was agreed to consider several alternatives on how to determine the HARQ process ID of CG PUSCHs of a multi-PUSCHs CG.
Agreement
For determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH, consider the following alternatives:
· Alt. 1:  The HARQ process ID for the first configured/valid PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured, and applying "the period duration divided by X instead of the period duration.
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period.
· Alt 1-1; X = 1
· Alt 1-2: X is the number of configured PUSCHs in a period
· Alt 1-3: X is provided by RRC configuration.
· FFS details
· Alt. 2: Support that UE can decide, as in NR-U, the HARQ IDs for the multiple CG PUSCH transmission occasions and indicate the decided HARQ IDs to gNB if multiple HARQ processes are used for the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
· FFS details	
· Alt. 3: The HARQ process ID for the configured PUSCHs in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured.
· FFS on potential enhancements different from previous alternatives
· Alt 3-1: Note: Same HP ID would be used for all PUSCHs within a period.
· FFS details
· Alt 3-2: Note: Different HP ID could be used for all PUSCHs within a period.
· FFS details
· Alt. 4:  The HARQ process ID for the first configured/valid PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured.
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period
· FFS on potential enhancements different from previous alternatives
· Alt 5: Support that UE can decide, as in NR-U, the HARQ IDs for the first CG PUSCH transmission occasions and indicate the decided HARQ IDs to gNB if multiple HARQ processes are used for the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period
· FFS details
· Alt 6: FFS other solutions
Note: The case of one TB map to multiple PUSCHs is not considered here.
Among the alternatives, we prefer to reuse legacy CG procedure to determine the HARQ process ID for the first configured/valid PUSCH in a period. Furthermore, since some PUSCH TOs in a period may not be used, the HARQ-ACK process ID should be increased based on the actual PUSCH transmissions in a period. Therefore, we prefer Alt 4 in the above list. 
Proposal 4: The HARQ process ID for the first configured/valid PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured. 
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period.

XR-specific CG UCI for unused CG PUSCH TOs
RAN1 agreed to report UCI on unused PUSCH TOs on the CG PUSCH, as shown in the agreements below. 
Agreement
The physical channel that carries the UCI that provides information about unused CG PUSCH transmission occasions is CG PUSCH.
Agreement
Encoding and multiplexing for “the UCI that provides information about unused CG PUSCH transmission occasions” in a CG PUSCH applies encoding and multiplexing procedures for CG-UCI as baseline.
· FFS on details

Agreement
Consider the following alternatives for “the UCI that provides information about unused CG PUSCH transmission occasions” for down-selection or revision
· Alt. 1: “The UCI that provides information about unused CG PUSCH transmission occasions” is defined as a new UCI. 
· FFS on details
· Alt. 2: “The UCI that provides information about unused CG PUSCH transmission occasions” is added as new field(s) to the CG-UCI.
· FFS on details
· Alt. 3: “The UCI that provides information about unused CG PUSCH transmission occasions” replaces/re-purposes some field(s) of the CG-UCI.
· FFS on details

The XR-specific UCI has different purpose from existing CG-UCI for NR-U. The XR-specific provides information about unused CG PUSCH transmission occasions instead of the HARQ process ID, RV etc. Thus, it is better to define as a new XR-specific CG-UCI. As discussed above, the HARQ process ID may be determined differently from NR-U, and the existing fields in CG-UCI may not be applicable to XR multi-PUSCHs CG.
In case of XR CG configuration on a NR-U carrier, the new XR-specific CG-UCI can be jointly reported with exiting CG-UCI, similar to the HARQ-ACK and CG-UCI reporting on CG PUSCH. 
The existing encoding and multiplexing procedures for CG-UCI can be reused for the XR-specific CG UCI, especially if the same MCS and FDRA are applied for all PUSCH in a period.
Proposal 5: The UCI that provides information about unused CG PUSCH transmission occasions is defined as a new XR-specific CG UCI. 

For the UCI transmission timing on a CG PUSCH, the followed options are studied.
Agreement
For dynamic indication of unused CG PUSCH occasion(s) based on a UCI, the following options for further down-scoping with possible revision, are considered for the transmission occasion of the UCI:
· Option 1: A transmitted CG PUSCH, includes the UCI.
· FFS details
· Option 2: A transmitted CG PUSCH includes the UCI, if it is transmitted in an occasion determined by RRC.
· FFS details
· Option 3: A transmitted CG PUSCH includes the UCI, if it is transmitted in a pre-defined transmission occasion.
· FFS details
· Example of a pre-determined occasion: 1st configured PUSCH TO in a CG period or 1st configured PUSCH TO in a multiple CG periods
· Option 4: A transmitted CG PUSCH includes the UCI, if it is transmitted in a transmission occasion determined satisfying given condition(s).
· FFS details
· Examples of a condition: A first transmitted PUSCH in a CG period, or a first PUSCH transmission within a multiple of CG periods.
Other options are not precluded. Proponent companies to provide details.
Among the options, Option 1 has high UCI reporting overhead, and Option 2 requires extra RRC configuration. Thus, we consider mainly Option 3 and Option 4. Option 3 provides more deterministic UCI reception at the gNB, with potential miss of UCI reporting if there is no PUSCH transmission in the pre-determined occasion. On the other hand, the gNB needs to detect the 1st PUSCH transmission in a period anyway, especially if the HARQ process ID is determined based on legacy method for the first PUSCH transmission. Thus, Option 4 is preferred since it is optimized for the XR CG operation with more timely UCI feedback. 
Proposal 6: A transmitted CG PUSCH includes the UCI, if it is transmitted in a transmission occasion determined satisfying given condition(s), e.g. a first transmitted PUSCH in a CG period, or a first PUSCH transmission within a multiple of CG periods.

For the content of the XR-specific UCI, the following options are listed for down-selection.
Agreement
For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the following options for further down-scoping, are considered for the information provided by the UCI:
· Option 1: The UCI determines the consecutive CG PUSCH TO(s) that are indicated as “unused” 
· Option 1-1: The UCI provides the number of consecutive TO(s) in time domain. 
· Applicable numbers can be determined from information obtained from configuration.
· FFS details
· Option 1-2: The UCI provides a time duration/range that includes the consecutive TO(s) in time domain. 
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· Option 2: The UCI determines the CG PUSCH TO(s) that are indicated as “unused” (consecutive/non-consecutive TO(s) in time domain)
· Option 2-1: The UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· Option 2-2: The UCI provides a bitmap where a bit corresponds to TOs within a time duration/range. The bit indicates whether all TOs within the time duration/range are “unused”.
· Applicable time duration/range can be determined from information obtained from configuration
· FFS details
· FFS whether/how the unused TO(s) can be associated to multiple CG configuration.
· Other options are not precluded. Proponent companies to provide details.

Since the XR traffic can be very dynamic, the “unused” TOs can be consecutive or non-consecutive in time domain. Thus, Option 2 has the advantages to provide more flexible feedback. Since the number of TOs in a periodic should be limited, Option 2-1 may be good enough for simplicity and flexibility. 
Proposal 7: The UCI determines the CG PUSCH TO(s) that are indicated as “unused” (consecutive/non-consecutive TO(s) in time domain), and the UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.

Conclusion
In this contribution, we discussed the remaining issues on XR-specific capacity enhancements. We propose the following:
Proposal 1: TDRA determination based on single DCI scheduling multiple PUSCHs in Rel-17 to allow non-consecutive PUSCHs and/or in non-consecutive slots.
Proposal 2: The configuration/indication parameters of CG PUSCHs in a multi-PUSCHs CG configuration are the same.
Proposal 3: Additional mechanisms for MCS and FDRA adjustments can be considered.
Proposal 4: The HARQ process ID for the first configured/valid PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured. 
· The HARQ process ID of the remaining PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period
Proposal 5: The UCI that provides information about unused CG PUSCH transmission occasions is defined as a new XR-specific CG UCI. 
Proposal 6: A transmitted CG PUSCH includes the UCI, if it is transmitted in a transmission occasion determined satisfying given condition(s), e.g. a first transmitted PUSCH in a CG period, or a first PUSCH transmission within a multiple of CG periods.
Proposal 7: The UCI determines the CG PUSCH TO(s) that are indicated as “unused” (consecutive/non-consecutive TO(s) in time domain), and the UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
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